, is a new member of the amphibole group occurring in a schistose calcareous hornfels from Kabutoichiba, Kameyama, Mie Prefecture, central Japan. The amphibole occurs as black subhedral to anhedral crystals, up to about 700 µm long, associated with calcite, biotite, K -feldspar, plagioclase, scapolite, chlorite and titanite. Potassic -ferropargasite is optically biaxial negative with α = 1.680(2), β = 1.690 (calc.), γ = 1.698 (2) (100) Σ2.00 on the basis of O = 23, assuming OH + F + Cl = 2. The crystal structure of the clinoamphibole type was refined to an R of 6.5%.
INTRODUCTION
Potassium -dominant ferropargasite was reported from pyroclastic deposits of the Pompeii eruption of SommaVesuvias, Italy (Rosi and Santacroce, 1983) , thermally metamorphosed rocks in the Nogo -Hakusan area of central Japan (Sawaki, 1989) , orthogneisses from the Adirondack Mountains of USA (Morrison, 1991) , calc -silicate pods in gneisses from East Antarctica (Shiraishi et al., 1994) and calc -silicate skarns on Kola Peninsula, Russia (Mazdab, 2003) . However, these authors who described the K -rich amphibole did not apply for a new mineral species for approval by the Commission on New Minerals and Mineral Names (CNMMN) of the International Mineralogical Association. Therefore the mineral has not been formally described as a species until now (cf., Mazdab, 2003) .
Recently, amphibole nomenclature was revised by the Amphibole Subcommittee of CNMMN (Leake et al., 1997 (Leake et al., , 2004 . This nomenclature scheme defines prefixes (e.g., chloro, potassic) that are an essential part of the amphibole name. The prefix "potassic" is related to K > 0.5 atoms per formula unit (apfu) and applies to all amphibole groups (Leake et al., 1997) . The amphibole, which has chemical and structural properties that conform to the new nomenclature of potassic -ferropargasite (Leake et al., 1997) , was found in a metamorphic rock from Kabutoichiba, Kameyama, Mie Prefecture, central Japan. The mineral data and mineral name have been approved by CNMMN (No. 2007 -053) . In this paper, we will present a description of potassic -ferropargasite from Kabutoichiba. The type specimens of potassic -ferropargasite have been deposited at the Geological Museum, Geological Survey of Japan, AIST, Tsukuba, under the registered number GSJ M38953 and National Museum of Nature and Science, Tokyo, under the catalogue no. NSM -M29296.
GEOLOGICAL SETTING AND PETROGRAPHY
The Kabutoichiba area is underlain mainly by the Cretaceous Kabuto granodiorite and Kanaba tonalite. The Kabuto granodiorite includes many lens -shaped bodies (<about 300 m wide) of the Ryoke metamorphic rocks (Miyamura et al., 1981) . These metamorphic rocks are mainly composed of schistose pelitic and psammitic hornfelses with a subordinate amount of schistose calcaleous and basic hornfelses (Miyamura et al., 1981) . A potassicferropargasite -bearing sample was collected from schistose calcareous hornfels, which occurs as a pod in schistose pelitic hornfels, at a closed quarry in the Kabutoichiba area, Mie Prefecture, central Japan (N 34°51′, E 136°21′). The sample is mainly composed of calcite, biotite, potassic -ferropargasite, K -feldspar, plagioclase, scapolite and titanite with minor chlorite. Potassic -ferropargasite occurs as a rock -forming mineral in the schistose calcareous hornfels, and forms subhedral to anhedral crystals up to 0.7 mm long (Fig. 1) . The mineral shows distinct pleochroism (e.g., pale green to bluish green) and frequently includes minute grains of titanite, biotite and feldspar. Biotite is brown and occurs as plates < 1 mm long. K -feldspar and plagioclase are anhedral grains <0.5 mm in size. Scapolite occurs as subhedral grains up to 1 mm in size, and is intimately associated with calcite. Titanite forms euhedral to subhedral crystal <0.5 mm long. Chlorite occurs as flakes in biotite crystals parallel to their (001) plane. based on the empirical formula. The mineral is optically biaxial negative with α 1.680(2), β (calc.) 1.690 for 2V of 85°, γ 1.698(2), 2V (meas.) > 80° and < 90°; Z ^ c 20°. It is pleochroic with X = pale green, Y = green and Z = bluish green.
MINERAL CHEMISTRY
Chemical analyses were performed on a JEOL JXA -8800R electron microprobe. Accelerating voltage and specimen current were kept at 15 kV and 12 nA on the Faraday cup, respectively. The beam diameter was 10 µm for the analyses of F and Cl, and 2 µm for the other element. Standards used were quartz (Si), rutile (Ti), corundum (Al) /Fe 2+ were estimated using the minimum ferric method described by Schumacher (1997) . The amphibole has a fairly uniform composition (Fig. 1) . The average composition shown in Table 1 Σ2 .00 on the basis of O = 23 assuming OH + F + Cl = 2, with OH derived by calculation from this constraint. The Gladstone -Dale compatibility index, which indicates a degree of compatibility of the optical data, density and chemical data (Mandarino, 1979 (Mandarino, , 1981 
X-RAY CRYSTALLOGRAPHY OF POTASSIC-FERROPARGASITE
A single crystal fragment of potassic -ferropargasite carefully picked from a thin section of GSJ M38953 was used for an X -ray diffraction study. Electron microprobe analyses and X -ray diffraction data were collected using the same fragment.
Powder X-ray diffraction data
The powder X -ray diffraction pattern for potassic -ferropargasite was obtained using a Gandolfi camera with a diameter of 114.6 mm and employing Ni -filtered CuKα radiation. The data were recorded on an imaging plate and processed with a Fuji BAS -2500 bio -image analyzer using a computer program written by Nakamuta (1999) .
Observed diffraction angles were corrected by the Toraya (1993) method using Si -standard material (NBS, #640b) on the sample fragment. The powder X -ray diffraction data for potassic -ferropargasite is given in Table 2 . Potassic -ferropargasite is monoclinic with space group C2/m. The refined unit -cell parameters are a = 9.937(5), b = 18.108(5), c = 5.335(4) Å, β = 105.30(3)°, V = 926.0(9) , Z = 2.
Structure refinement
Single crystal diffraction data were obtained using a Bruker SMART APEX CCD area -detector diffractometer with MoKα radiation. The intensity data were collected using the ω -scan technique. The SAINTPLUS program was used for data reduction and correction for the Lorenz and polarization factors as well as for the background effects. An empirical absorption correction based on symmetrically equivalent reflections was performed with the SADABS software (Sheldrick, 1997) . The SHELXL -97 software package (Sheldrick, 1997 ) was employed to refine the crystal structure. The scattering factors for neutral atoms were taken from the International Tables for Crystallography, Volume C (1992). Full -matrix refinement on F 2 of 1078 independent reflections (R int = 0.0249), of which 947 have criteria to be larger than 2σ(I), yielded R1 = 0.0649 and wR2 = 0.1784. The position of the H atom could not be determined in the present analysis.
Potassic -ferropargasite has a complicated chemistry so the following simplifying assumptions were employed for the refinement. Since Mg and Al atoms are indistinguishable with their X -ray scattering powers, they were regarded as one group with one scattering factor (neutral magnesium) and were summed to form Mg * in the atomic fraction. For the same reason, Fe 2+ , Mn, Cr and Ti were assumed to form one species, Fe * , with the scattering factor of neutral iron. The site occupancies for T(1) and T(2) were determined from the chemical analysis and equation (3) reported in Oberti et al. (1995) to calculate
T(1)
Al. The site occupancies for A, M (4) and O(3) were fixed on the basis of the chemical analysis. The result of the refinement was summarized in Table 3 . The final atomic coordinates, cation occupancies and displacement parameters were given in Table 4 . The selected interatomic distances are in Table 5 . The bond valences were calculated from the interatomic distances following the procedure of Brown and Altermatt (1985) . The values listed in Table 6 are weighted averages according to the occupancies in the final refinement.
Titanium is usually considered as an octahedral cation in most amphiboles, and most structural studies of amphiboles with low Ti contents (<0.20 apfu) have assigned Ti to the M(2) site. Recently, Oberti et al. (1992) and Hawthorne et al. (1998) examined the behavior of Ti in sodic -calcic and sodic amphiboles and showed that in these minerals the entry of Ti occurs primarily in substitution,
O 2− and that the M(1) -O(3) distance decreases markedly with increasing Ti content in the structure. Sokolova et al. (2000) pointed out that dehydroxylated amphiboles with OH + F < 2 apfu and significant Ti 4+ and Fe
The potassic -ferropargasite in this study shows that the M(1) -O(3) distance is similar to <M(1) -O>, suggesting that the studied amphibole did not significantly suffer from the above substitution. This interpretation is also supported by the low value of the bond -valence sum for O(3), 1.01 v.u (Table 6 ).
DISUCUSSION
The majority of calcic amphiboles have relatively small amounts of potassium (Deer et al., 1997) . A crystal -chemical control on K content in calcic amphiboles has been previously discussed. Matsubara and Motoyoshi (1985) found potassicpargasite and pargasite showing a positive correlation between their K/(K + [A] Na) and Fe 2+ /(Fe 2+ + Mg) values and suggested that the increase in Fe 2+ serves to stabilize the potassicpargasite. Shimazaki et al. (1984) described potassicsadanagaite and potassic -magnesiosadanagaite which are characterized by their extremely high [4] Al (2.76 -3.39 apfu) and K (0.62 -0.75 apfu) contents and pointed out that substantial replacement of Si by Al in the tetrahedral site might be crystallochemically necessary for the entry of K into the A site. Chlorinebearing K -rich amphiboles have been reported from various rock types (cf., Deer et al., 1997) . A crystal -chemical Allmann (1975) , Brown and Altermatt (1985) , Brese and O'Keeffe (1991) and Kanowitz and Palenik (1998) . Table 6 . Bond -valence sums weighted on the occupancies for potassic -ferropargasite control on Cl content in calcic amphibole has been discussed by many authors (e.g., Suwa et al., 1987; Morrison 1991; Enami et al., 1992; Sato et al., 1997) . Makino et al. (1993) and Oberti et al. (1993) revealed the crystal structures of Cl -and K -rich hastingsite and ferropargasite. Based on crystal structure consideration on these amphiboles, they concluded that increasing Cl content in calcic amphiboles crystallochemically requires increasing Fe 2+ , K and [4] Al. Therefore, an important factor regulating Kfor -Na substitution is not only the Fe 2+ and [4] Al contents but also the Cl content. The studied potassic -ferropargasite shows high K contents (0.54 -0.63 apfu), but contains a negligible amount of Cl (<0.02 wt%). This amphibole clearly indicates that K -rich calcic amphibole is not always characterized by the substantial replacement of OH by Cl. Figure 2 summarizes the relationships among K, [4] Al and Cl of K -rich (≥0.25 apfu) calcic amphiboles with [4] Al ≥ 1.5 apfu and [A] (Na + K) ≥ 0.5 apfu in this study and from the literature. Figure  2a shows Makino et al. (1993) and Oberti et al. (1993) . Figure 2c clearly shows that K -rich and Cl -poor (less than 1.0 wt% Cl) calcic amphiboles extend their compositional range towards lower X Fe 2+ than K -and Cl -rich calcic amphiboles shown in Figure 2a . This compositional feature implies that Clpoor calcic amphibole with X Fe 2+ ≥ about 0.2, [4] Al ≥ 1.5 apfu and [A] (Na + K) ≥ 0.5 apfu has the capability of accommodating a large amount of K (at least about 0.6 apfu). Figure 2c also shows that Cl -poor calcic amphiboles with extremely high K (≥0.7 apfu) are sadanagaitic amphibole characterized by a significant amount of [4] Al (2.33 -3.39 apfu). However, Hinrichsen and Schürmann (1977) synthesized pure "potassicedenite" [KCa 2 Mg 5 Si 7 AlO 22 (OH) 2 ] at 750 °C and at 0.5 kbar, suggesting that Cl -poor calcic amphibole with extremely high K (≥0.7 apfu) does not always need unusually high [4] Al.
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